Twelve patients undergoing aortic and 28 undergoing mitral valve replacement with autologous fascia lata valves were studied before and six months after surgery. One aortic and 10 mitral valves were found to be significantly incompetent. Of the incompetent mitral valves, two appeared to have perivalvular leaks. Six of the remainder were associated with abnormal ventricular filling patterns. Valve failure was much less common when the design was modified to provide a loose cusp structure; out of 12 such valves none was incompetent. Transvalvular gradients persist with fascial valves though they are lower than with most mechanical prostheses. Ventricular function was greatly improved in successful aortic replacement but remained impaired in the case of mitral replacement. Valve failure appeared to be associated with, or accelerated by, haemodynamic stress rather than due to inevitable degenerative pathological processes.
Twelve patients undergoing aortic and 28 undergoing mitral valve replacement with autologous fascia lata valves were studied before and six months after surgery. One aortic and 10 mitral valves were found to be significantly incompetent. Of the incompetent mitral valves, two appeared to have perivalvular leaks. Six of the remainder were associated with abnormal ventricular filling patterns. Valve failure was much less common when the design was modified to provide a loose cusp structure; out of 12 such valves none was incompetent. Transvalvular gradients persist with fascial valves though they are lower than with most mechanical prostheses. Ventricular function was greatly improved in successful aortic replacement but remained impaired in the case of mitral replacement. Valve failure appeared to be associated with, or accelerated by, haemodynamic stress rather than due to inevitable degenerative pathological processes.
Prosthetic heart valves carry a considerable rate of subsequent mortality and morbidity from thrombo-embolism, haemolysis, and mechanical failure and a considerable incidence also of haemorrhagic complications from anticoagulant therapy. Starr has reported an incidence of thrombo-embolism ranging from 32% in the earlier model 1000 aortic valve to 9% in the model 2300, and in the mitral replacements 56% in the earlier model 6000 to 13% in model 6300 (Hodam, Starr, Herr, and Pierie, 1969) . Similar rates have been reported by other authors (Duvoisin et al., 1968; Rees et al., 1970; Barclay et al., 1972) . Hopes of improved performance from autologous fascia lata valves (Senning, 1967; Ionescu et al., 1970a; Gerbode, 1970; Gonzalez-Lavin, Geens, and Ross, 1970; Gonzalez-Lavin and Ross, 1971) have been based on two factors-the strong yet pliant nature of the material used and the cusp structure of the valve simulating that of the natural semilunar valves and allowing an unobstructed axial stream through the valve.
Initial favourable reports following insertion of these valves in the aortic and mitral positions were followed by increasing numbers of valve failures. The most disquieting feature has been the high reported incidence of serious regurgitation occurring as a result of shrinkage and thickening of the valve cusps, particularly in the tricuspid and mitral positions. In 78 patients operated on by Ross (Ross, Gonzalez-Lavin, and Dalichau, 1972) for mitral replacement in a two-year period, 13% had mild and 14% moderate or severe regurgitation. Typically, thickening and rigidity of the cusps resulted in incompetence and Ross has now abandoned the use of fascial valves in the belief that long-term failure is highly probable (McEnany, Ross, and Yates, 1972) .
The question of the cause of valve failure is not yet settled. It could reflect a progressive and inevitable tissue reaction to the presence of the fascia itself or a change in the physical properties of the dead fascial material with time. On the other hand, the changes could reflect haemo. dynamic factors stressing and ultimately destroying unfavourably designed or positioned valves.
There is on the one hand evidence of consistent pathological changes reported in valves removed at necropsy or reoperation. These, however, are valves which have failed. In favour of the haemodynamic view, there is the widely differing experience of failure in different centres, and the strikingly different incidence of failures in the aortic from the mitral position, which is haemodynamically quite different. (Table II) . Thirty-one patients were not studied postoperatively, some because of the patient's refusal, others because of long distances involved and, in a few instances, because of severe disability such as hemiplegia. Four mitral and three aortic patients died subsequent to operation and, except for two, were not studied postoperatively.
The data obtained were right atrial, right ventricular, left atrial, left ventricular, and aortic pressures, with simultaneously measured gradients across the prosthetic valves, aortic and right ventricular oxygen saturation values, cardiac output by indicator dilution, and regurgitant flow measured by dye curves (Lacy, Goodson, Wheeler, and Newman, 1959) and estimated by cineangiography. The ejection fraction was measured from the cineangiogram (Greene, Carlisle, Grant, and Bunnell, 1967 Pressure gradient Mean resting systolic gradients measured by planimetry averaged 24 with a range of 10 to 35 mmHg. In all except two cases who had gross aortic regurgitation before surgery the pressure gradient showed a considerable fall from the preoperative values of 42 to 98 mmHg. Valve area An estimate of equivalent aortic valve area, using the Gorlin equation (Gorlin and Gorlin, 1951) , gave a range of 0-4 to 1-4 cm2 with a mean of 10 cm2. There was some relationship between this area and the internal diameter of the titanium frame used in constructing the valve (Fig. 6) Figure 4 shows the haemodynamic data in these patients and Fig. 5 Pressure gradient Mean diastolic gradients by planimetry over several cardiac cycles averaged 5 2 mmHg with a range of 1-2 to 8-1 mmHg.
Valve area An estimate of equivalent mitral valve area, using the Gorlin equation, ranged from 1-2 to 2-8 cm2. There was some relationship between this area and the size of prosthesis used in fashioning the valve. The smallest size of frame gave a result corresponding to moderately severe mitral stenosis (Fig. 6) 
DISCUSSION
The findings indicate that haemodynamically the performance of both aortic and mitral fascia lata valves at six months is at least as good as that of any of the mechanical prostheses.
The aortic valves were competent, with one cxception, and offered an acceptably low resistance to ejection compared with mechanical prostheses (Table V) . Even with the central orifice, however, there was a significant transvalvular pressure gradient and it seems important to fit the largest possible size of frame. Angiograms show how relatively narrow the effective orifice size is in comparison with the ring diameter. Cardiac output remains slightly subnormal in these patients and left ventricular function was good with end diastolic pressures within the normal range.
The mitral valves were less satisfactory on several counts. There was a high rate of incompetence, although this was confined entirely to the earlier type 1 valve, and it is possible that the modification with looser cusps may, in the long term, prove more reliable.
Those valves which were competent had an average diastolic gradient of 5-2 mmHg with a range of 12 to 81 mmHg. This is perhaps surprising in a central orifice valve but is confirmed by the delayed left atrial emptying on angiogram and is probably connected with the stiffer than normal nature of the cusp material and the relatively small effective orifice size in relation to ring diameter. Replacement of a damaged mitral valve with a competent prosthesis did not return left ventricular function to normal. Cardiac output remained low and left ventricular diastolic pressure and dp/dt in most cases remained abnormal.
Of 14 patients with competent valves in whom complete data were available, six had large left ventricles, high end diastolic pressures, and low ejection fractions, while eight had small ventricles and low diastolic pressures. Both groups, however, had low cardiac indices and mixed venous oxygen saturations. To what extent this is the result of purely myocardial impairment rather than valve function is uncertain; all the valves were competent but the mode of closure of the valve is abnormal and it is possible that this in itself, implying as it does significant systolic reversal of flow through the ventricle, may affect ventricular function adversely.
Valve function is quite abnormal in the fascial mitral valve. The important factor of ring-vortex formation behind the two cusps of the normal valve which cause presystolic.closure (Bellhouse, 1972) and the papillary muscle-chordal apparatus which completes closure are absent, and closure is by ventricular contraction. This was evident angiographically with early systolic repulsion of the mitral cusps and sometimes a slight early systolic puff of dye through the centre of the valve.
The cusps of the prosthetic mitral valve are therefore subject to considerably more stress than the cusps of the normal valve. Perhaps an additional factor suggested by the present study is the alignment of the prosthesis relative to the ventricular cavity. Normally the aortic cusp of the mitral valve acts as a baffle to direct blood into the inflow tract of the ventricle. In many of the fascia lata valves, and particularly in those showing incompetence, the inflow of blood was directed against the anterior wall of the left ventricle.
This difference may point to the conclusion that the pathological changes leading to valve failure occur not in all valves but in those in which haemodynamic stresses of a particular kind occur, perhaps associated with a particular ventricular shape or with the alignment of the valve orifice in relation to inflow and outflow tracts of the ventricle. These factors could be much more important in a cusped valve than in a simple ballvalve mechanism. The relative success of fascial valves in the aortic position, where they are anatomically more similar to the normal valve, is additional evidence for this view. Possibly a tissue valve for the mitral position could be designed to overcome some of these objections, and the design proposed by Yacoub, Towers, and Somerville (1972) appears to offer both retention of some cusp closure by vortex formation and the possibility of direction of inflow blood into the inflow tract of the ventricle.
The long-term outlook for these valves remains in doubt. Our experience contrasts with that of Schwartz et al. (1971) , who studied 19 aortic valves, four to 10 months postoperatively. They found aortic regurgitation in 16, of which 14 were mild and two marked. They also found moderate or severe insufficiency in nine out of 11 mitral valves and in four out of five tricuspid valves. They concluded that the use of the valve was inadvisable because of the development of regurgitation. Valve gradients were acceptably low and similar to those recorded here.
Our more favourable experience with the type 2 mitral prosthesis suggests that it may be premature to reject the autologous valve with its considerable other advantages. If the incidence of serious regurgitation can be reduced to a low figure it may be acceptable, since valve regurgitation is a remediable and therefore less serious complication than a cerebral embolism or many cases of sudden mechanical failure in totally artificial valves. The results must be viewed against the background of considerable mortality and morbidity of Starr Edwards valves and the continuing nuisance and hazard of permanent anticoagulant therapy.
